Visual hallucination (VH) is the most common psychosis in Parkinson's disease (PD) 1,2 , and is present in 25-50% of PD patients 1, 3 . Visual hallucination in PD patients is an important risk factor in terms of nursing home placement, poor quality of life, and mortality 4 . Neuroimaging studies suggested that brain regions involved in higher-order visual processing, ventral or dorsal pathways, were associated with VH in PD patients [5] [6] [7] [8] [9] . Pathologic study in Lewy body (LB) disease reported a striking association between the distribution of temporal lobe LB and VH 10 . Visual hallucination in PD seems to be associated with dysfunction of higher-order visual pathways, specifically, the occipitotemporal pathway (the ventral visual pathway). We investigated the regional cerebral glucose metabolism related to VH in PD patients to identify brain regions, focusing on the ventral visual pathway.
patients with VH developed dementia 14 . It seems that VH could be a starting point of CI in PD. We hypothesized that PD patients with VH and CI may show the identical overlapped areas of metabolic derangement as in PD patients with VH yet without CI, and still demonstrate less extensive areas of metabolic derangement in PD patients with dementia (PDD). The regions of metabolic derangement in patients with VH and CI could provide additional information to predict dementia. Therefore, we also investigated the metabolic alteration related to VH in PD patients with and without CI to shed light on the relationship between VH and CI.
MATERIALS AND METHODS

Subjects
We prospectively studied 15 PD patients with VH (PD-VH) and 13 PD patients without VH (PD-NVH). Subjects were recruited from the Parkinson/Alzheimer Center of the Asan Medical Center, Seoul, Korea. Parkinson's disease diagnosis was made using the United Kingdom Parkinson's Disease Society Brain Bank criteria 15 . Parkinson's disease-VH was assessed using the neuropsychiatric inventory (NPI) 16 by a neurologist. We excluded patients with dementia with Lewy bodies (DLB) based on the revised criteria for the clinical diagnosis of DLB 17 . Taking age into consideration, sixteen age-matched normal controls (NC, eight men and eight women, mean age, 64-yearsold) were selected from the data of subjects who visited the Health Promotion Center of Asan Medical Center. Cognitive impairment (CI) was diagnosed on the basis of Korean MiniMental State Examination (K-MMSE) scores; such evaluation considers results from normal Koreans, with regard to age and standard of education 18 . Among the 15 patients in the PD-VH group, 8 had cognitive impairment (PD-VHCI group) whereas 7 did not (PD-VHNCI group). All patients underwent the Montreal Cognitive Assessment-Korean (MoCA-K) 19 test; these scores were used to correlate clinical data with imaging information. Patients with Parkinson-plus syndromes, secondary parkinsonisms, other neurological diseases, psychiatric disorders, and severe systemic illnesses were all excluded. All included patients provided written informed consent and the Ethics Committee of our institution approved our study protocol.
Clinical assessment
All patients underwent a comprehensive neurological evaluation; including a detailed neurological examination, routine blood tests, K-MMSE, MoCA-K, Geriatric Depression Scale (GDS), and NPI. Parkinsonian motor features were evaluated using the Unified Parkinson's Disease Rating Scale (UPDRS) 20 and Hoehn &Yahr (H&Y) stage. The axial motor score was defined as the sum of scores on the five UPDRS III subscales: speech, arising from a chair, posture, postural instability, and gait 1 .
[ 21 . After conversion of the data from the DICOM file format into the Analyze format, the images from each subject were spatially transformed to a generic SPM2 PET template. Spatially normalized images were smoothed using an isotropic Gaussian Kernel with an 8-mm fullwidth at half-maximum. A two-sided t-test of SPM was performed to assess the group difference. The order of group comparisons was as follows: PD vs. NC, PD-VHNCI vs. NC, PD-VHCI vs. NC, PD-NVH vs. PD-VHNCI, PD-NVH vs. PD-VHCI, PD-NVH vs. PD-VH, PD-VHNCI vs. PD-VHCI. The analysis produced a t statistic for each voxel and t values were transformed to standard distribution (Z scores). The thresholds chosen in terms of statistical significance were uncorrected p < 0.01 or uncorrected p < 0.001, with the added requirement that at least 50 contiguous voxels exceeded such transformed levels.
To identify brain regions in which glucose metabolism was significantly correlated with the hallucination scores of NPI (NPI-H) in patients with VH, a general linear model using NPI-H as a covariate was tested for each voxel. Positive and negative correlations between glucose metabolism and NPI-H scores were determined. Such analysis was performed on data from PD-VH patients using the covariate-only module of SPM2. To identify brain regions in which cerebral glucose metabolism was significantly correlated with MoCA-K scores in PD-VH patients, a general linear model using the MoCA-K scores as a covariate was tested for each voxel. Positive and negative correlations between glucose metabolism and MoCA-K scores were determined. Confounding variables were included in statistical analyses, including both group analysis and correlation analysis, because of clinical differences between and within groups.
Statistical Analysis
SPSS for Windows (version 12.0, SPSS Inc., Chicago, IL) was used for statistical analyses and P values< 0.05 were regarded as statistically significant. Sex distribution was compared using the Chi-squared test. Differences between clinical groups were analyzed using ANOVA (analysis of variance) combined with the post-hoc Tukey test.
RESULTS
The clinical characteristics of our patients are described in the Table. There were no differences among the three groups (PD-THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES VHNCI, PD-VHCI, and PD-NVH) in any of sex distribution, age, educational level, disease duration, H & Y stage, UPDRS part III (motor) scores, GDS, levodopa dose, or levodopa equivalent dose (LED). However, the three groups differed in terms of scores on the UPDRS part I subitem evaluating thought disorder, axial motor subscore, K-MMSE, MoCA-K, NPI-total, and NPI-H. Between PD-NVH and PD-VHNCI groups, there were differences in the scores of UPDRS part I subitem evaluating thought disorder, axial motor subscore, MoCA-K, NPI-total, and NPI-H. description was the transformation of a vacuum cleaner into a person. Five patients experienced auditory hallucinations and visual hallucinations.
Group comparisons using SPM analyses
There were no significant differences of glucose metabolism between PD patients and normal controls (uncorrected p<0.001). Hypometabolic regions in the PD-VH group were bilateral middle and inferior temporal cortices, left lingual gyrus, and left angular gyrus compared with the PD-NVH group ( Figure 1A , uncorrected p<0.001). Glucose metabolism in the bilateral inferior and middle temporal cortices, bilateral frontal areas, and left superior parietal and occipital regions, were lower in the PD-VHNCI than in the PD-NVH group (Figure 1B, uncorrected p < 0.01). SPM analyses between PD-VHCI and PD-NVH groups showed bilateral temporoparietooccipital cortices with lesser involvement of frontal cortex ( Figure 1C , uncorrected p<0.001). Glucose metabolism in the bilateral precuneus and superior parietal areas, and in scattered regions of the frontal, temporal, and occipital lobes was lower in the PD-VHCI than in the PD-VHNCI group (Figure 2A) . On all between-group comparisons, the cerebellum was the only region showing an increase in glucose metabolism.
Covariate analysis by SPM analysis
Covariate analysis showed negative correlations between NPI-H scores and glucose metabolism in the bilateral superior temporal gyri, left fusiform gyrus, and left Heschl's gyrus ( Figure 1D ). Positive correlations between MoCA-K scores and the extent of glucose metabolism were observed in the bilateral superior parietal and middle occipital gyri, left precuneus, and right fusiform gyrus ( Figure 2B ).
DISCUSSION
This study showed that hallucination scores most strongly correlated with the extent of glucose hypometabolism in the superior temporal gyrus and the fusiform gyrus. Furthermore, glucose hypometabolism was observed in the bilateral inferior and middle temporal gyri, and the middle occipital gyrus, in PD-VH and PD-VHNCI groups, suggesting involvement of the THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES ventral visual pathway in the VH in PD patients. Glucose hypometabolism was also observed in the left middle occipital and the superior parietal gyrus of the PD-VH group; the dorsal visual pathway. On the basis of our results, the ventral visual pathway was more affected than the dorsal visual pathway.
The association between temporal lobe and VH in PD patients has been observed in other imaging studies 6, 22 and in pathologic studies 10, 23 . One study reported hyperperfusion of the right superior and middle temporal gyri in PD patients with VH 6 , whereas the other study found that hallucinating PD patients exhibited hypoperfusion in the bilateral inferior parietal lobules and inferior temporal gyrus 24 .
Patients having PD with VHs demonstrated increased serotonin 2A receptor binding in the ventral visual pathway 25 . Progressive atrophic changes have also been observed in the bilateral superior temporal gyri and frontal areas of PD patients with VH 14 . Prior pathological studies found an association between VH and a high density of Lewy bodies in temporal areas 10, 23, 26 . Our findings also suggest that VH may be a prodromal symptom of CI in PD patients. Intraneuronal pathology has been reported to progress upwardly, from the brainstem to the diffuse cortices in PD patients 27 . The temporal cortex is involved at an earlier stage of PD than is the case with other cortices, and the pathologic process extends to other neocortices as PD patients enter the more advanced disease stages of 5 and 6 27 . We found that hallucination scores were significantly correlated with glucose hypometabolism in the temporal cortex, and that patients in both PD-VH and PD-VHNCI groups showed glucose hypometabolism in the bilateral inferior and middle temporal gyri. In our PD-VHCI group, the hypometabolic areas extended to diffuse cortical regions, and to a greater extent to posterior cortical regions, compared to frontal regions. Such a pattern of cerebral glucose metabolism suggests that VH may precede CI in PD patients, reflecting the temporal and regional progression of neurodegenerative pathology in PD. Parkinson's disease patients with VH frequently developed dementia during a mean followup period of 29.9 months and showed extensive brain atrophy, involving gray-matter loss from the limbic, paralimbic, and neocortical areas, as assessed by voxel-based morphometry (VBM) analysis of MRI 14 ; this further suggests that VH is a prodromal symptom of CI in PD patients.
In line with previous results, we found that PD-VHNCI group had a higher mean axial motor subscore of UPDRS 3, 28 and a lower mean MoCA-K score than did our PD-NVH group. Although the K-MMSE scores were similar in our PD-VHNCI and PD-NVH groups, the MoCA-K score was lower in PD-VHNCI than in PD-NVH group. These findings suggest that most hallucinating PD patients have mild CI that is not detected by K-MMSE but that may contribute to the development of dementia in PD patients.
In contrast to previous neuroimaging studies, we categorized hallucinating PD patients according to the presence of CI. Thus, we were able to compare cerebral glucose metabolism associated only with VH with such metabolism associated with both VH and CI in PD patients.
Our study had limitations. First, the number of subjects was relatively small. However, our sample size was similar to other functional imaging studies on PD patients. Our data interpretation does not suffer from any obvious limitation due to sample size. Second, extensive neuropsychological tests were not performed. But, we performed MoCA-K that has been reported to be a well-suited screening tool for cognitive impairment in PD 29 ; this screening tool might provide additional information to assess CI in our PD patients.
In summary, our study provides an additional evidence of impairment of ventral visual pathways in PD patients with VH, highlighting the important role of temporal lobe in VH.
